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Abstract - This study experimentally investigated the 

addition of zinc (Zn) and graphite (C) nanomaterial into 

polymeric material by sol-gel technique. The objectives of 

this paper were to outline our investigations in the evolving 

process of dispersing nanoparticles into polyvinyl alcohol, 

propylene glycol and methyl cellulose (PVA/PG/MC) 

polymeric matrix, to study their versatile properties, and 

evaluating its performance for different applications. The 

morphology features and chemical composition of the sol-

gel prepared PVA/PG/MC hybrid polymer loaded with Zn 

and C of varying mixture deposited on metal substrates 

samples were studied using scanning electron microscopy 

(SEM) image analysis and the Fourier Transform Infrared 

(FTIR). The treatment of the nanoparticles of varying 

quantities used as inorganic materials in PVA/PG/MC 

polymeric material, has resulted in the polymeric 

nanostructured materials presenting high performance and 

multipurpose characteristics beyond that of the parent 

material original properties. Improved versatile features 

attributed to the as-synthesized polymeric are materials 

resistance to moisture, and sterile properties. Furthermore, 

the study showed that the Zn and C nanoparticles of equal 

mass ratio were uniformly dispersed in the polymeric 

material as the particles retained their original size before 

blending into the polymeric material. This study shows the 

prospect of applying these nanoparticles as tones with 

antibacterial properties in several applications. 

Keywords: Nanoparticle, PVA/PG/MC, Zn:C 

nanocomposite, polymeric material, SEM, FTIR 

I. INTRODUCTION 

Composites at the nanoscale are materials of distinct class that 

have unique properties and wide application potential in various 
areas and emphasized in literature by Wu et al. (2015) and Aziz 

et al. (2019). Ayazi (2017), described the unique properties of 

nanocomposites can be achieved by successfully joining 

features of parent constituents into a single material as well as 

Mohanapriya et al. (2016). These polymeric materials are of 

different constituents and possesses diverse physical and 

chemical properties. The addition of nanosized Zn and C 

inorganic particles into the polymeric media constitutes the new 

composites material that will exhibit unexpected properties, 

which significantly differ from that of parent materials.  

The strong tendency for nanoparticles to agglomerate results to 

difficulty in the retention of homogeneous dispersion of 
nanosized particle in the preparation process of 

nanocomposites, as represented in literatures by Senthil and 

Gunasundari (2018); Baig, et al. (2018) and Fakirov (2020). To 

overcome formation of agglomerated nanoparticles in 

polymers, the blending of inorganic particles into polymer 

matrixes is generally achieved by surface modification 

Akindoyo et al., (2017); Surface modification of nanoparticles 

by the phase transfer of the particles (Milne et al., 2018), bio-

inspired chemical approach (Ata et al., 2014). and grafting 

polymerization (Choi, et al.,2006) are all effective ways to 

improve its dispersion in polymeric matrix, and hence improve 

the polymeric matrix, thus improving the properties of the 
resulting composites. Zn and C nanoparticles are multiuse 

inorganic nanoparticles that has shown increasing, attention in 

literature because of its many significant physical and chemical 

stability (Estrada-Guel et al., 2009), high catalysis activity 

(Bedi and Kaur, 2015), effective antibacterial and bactericide 

function (Rajendra, et al., 2010), intensive ultraviolet and 

infrared adsorption (Guardia et al., 2012).  

Furthermore, the development of Zn and C nanoparticles could 

increase the properties of polymer matrix (Kango et al, 2013). 

However, Zn and C nanoparticles, like other nanoparticles, 

have high surface energy, which could be dispersed in organic 
solvent and matrix. Subsequently, it is required to prepare 

Zn:C/polymeric nanocomposites devoid of the creation of 

agglomerated nanoparticles. The nanocomposites can progress 

the dispersion stability of Zn and C and improve adhesion 
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between the polymeric material and varied mixture of Zn:C 

nanoparticles.  

In this paper, we present the synthesis and properties of 
PVA/PG/MC polymeric material blended with varying mixing 

ratio of Zn and C powders and explore the possibility enhanced 

properties into polymer matrix. 

II. MATERIALS AND METHOD 

A. Materials  

The materials used are 99% hydrolyzed commercial-grade 

polyvinyl alcohol (PVA) with a weight-average molecular 

weight of 124,000 g/mol, propylene glycol (PG) with a 

molecular weight of 76.10 g/mol, and methyl cellulose (MC) 

with a molecular weight of 454 g/mol, were acquired from  

Sigma-Aldrich was used in this study. 

B. Preparation PVA/PG/MC polymeric material 

blended with Zn:C of varying proportions 

100 grams of polyvinyl alcohol (PVA) was dissolved in 1 liter 

of water by sprinkling into the water heated to 80°C while 

stirring continuously using a magnetic stirrer equipped with hot 

plate for 20 minutes, was stirred until the solution was clear. 

Again, 30g of methyl cellulose was dissolved similarly like the 

PVA solution, after 15 min, the solution was allowed to cool at 

ambient temperature and stored at around 4°C for 24 h before 

use. The propylene glycol was used as received without any 

modification. These solutions (PVA/PG/MC) denoted as H0 

were mixed together to form the polymeric matrix in a ratio of 
4:1:2 in that order, the mixtures were agitated thoroughly to 

form a homogenous mixture.  

Secondly, varying weight proportions of zinc and graphite 

powders were mixed into the primary solution (PVA/MC/PG). 

Four samples of the nanoparticle were prepared with different 

mixing ratios of zinc and graphite with this primary polymeric 

solution. The zinc and graphite powders (Zn:C) mixture were 

as follows: 45g:15g, 36g:24g, and 30g:30g,  these mixtures 

were dispersed in 100ml ethanol in ethanol and finally mixing 

10ml of each with 40ml of the polymeric solution to produce 

three new solutions  denoted as (H1-H3) in addition to the H0 

primary hybrid solution totaling six polymeric systems.  These 
mixtures were allowed to settle for few minutes and applied on 

a metal substrate by the dip-coating method that serves as 

sample holder and lastly, dried in a drying at oven temperature 

of 80°C.  

C. Characterization of Zn:C Nano powders blended 

with polymeric material  

The morphology of the polymeric material, respectively the 

dispersion morphology of Zn and C particles in polymeric 

matrix was observed by using SEM. A Fourier Transform 
Infrared Spectrophotometer (FTIR) analysis was used to 

characterize the functional groups of the Zn:C nanoparticles 

blended with PVA/PG/MC polymeric materials. 

III. RESULTS AND DISCUSSIONS 

A. Morphology of Samples H0 - H3 

The morphology of samples H0 – H3 SEM images are 

presented in Fig.1. This figure presented SEM images of 

Zn:C:PVA/PG/MC hybrid structure samples. The morphology 

of the particles is granular and the particles are loosely 

agglomerated. It can be seen that indifferent types of Zn and C 

nanoparticles are well dispersed in polymer matrix. Matei et al. 

(2008) attributed this fact shown as a manifest of good adhesion 
between the surface of nanoparticles and PVA/PG/MC matrix 

has been established by the organic surface modification of the 

Zn:C nanoparticles.  

The size and distribution of Zn:C nanoparticles in polymer 

matrix were also confirmed using SEM (David and Petr, 2012), 

as shown in Fig. 2. The sizes of H0 nanoparticles are in the 

range of 420 – 520 nm. The particle distribution of H1 – H3 are 

in the range of 100 – 800nm, the difference in their size 

distribution begin due to Zn and C powders content. In case of 

H0 the size of nanoparticles has a tendency of limited size 

range. For H1 – H3 samples, the distribution of particles reflects 
similar microgranular structures as the Zn and C content varied. 

Table 1. Presents some statistical parameters from the grain 

particle distribution of the as-synthesized hybrid structures. 

Also, Fig. 2 supports a very narrow size distribution of H3 

particles, towards the lower sizes at equal Zn and C particle 

addition. 

As it’s obvious from Table 1, the estimated crystallite size on 

the area and volume increased with addition of nanoparticles 

this consequent of the crystal growth and combination of 

nanoparticles. Increase in the degree of weighted ratio of Zn and 

C led to improving surface smoothness which is obvious from 

the declining roughness value and maximum peak height. These 
samples were tried as antibacterial agents. PVA/PG/MC treated 

with Zn and C of equal ration displayed the best antibacterial 

activity. It was shown that the concentration of Zn and C acted 

considerably in the inhibitory effect on bacteria’s. Furthermore, 

the nanocomposite films showed that the best performing as-

prepared sample maintained their properties after dispersion in 

polymeric medium. 
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Fig. 1 SEM images of the as-synthesized polymeric material blended 
with varying Zn and C nanoparticles   

 

Fig. 2. Grain distribution analysis of the as-synthesized (a) 
PVA/PG/MC polymeric structure only, (b) treated with 3:1 ratio (c) 

treated with 3:2 ratio and (d) treated with 1:1 ratio, of zinc and graphite 
nanoparticles. 

 

 

 
H0 sample without (Zn:C) nanoparticles blended with PVA/PG/MC  
polymeric hybrid structure 

 
H1 sample consisting of 3:1 (Zn:C) nanoparticles weight ratio blended with  
PVA/PG/MC polymeric hybrid structure 

 
H2 sample consisting of 3:2 (Zn:C) nanoparticles weight ratio blended with  
PVA/PG/MC polymeric hybrid structure 

 
H3 sample consisting of 1:1 (Zn:C) nanoparticles weight ratio blended with  
PVA/PG/MC polymeric hybrid structure 
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Table 1. Statistical grain distribution parameters and film thickness 

Grain parameter Sample ID 

H0 H1 H2 H3 

Average value (µm)            0.34 0.53 0.65 0.5 

Mean roughness (µm)  0.28 0.23 0.18 0.25 

Skew (Ssk)               1.34 0.69 -0.13 0.69 

Median (µm)                   0.18 0.42 0.62 0.4 

Max peak height (µm)  0.66 0.47 0.35 0.5 

Max pit depth (µm)   0.34 0.53 0.65 0.5 

Projected area (nm²) 197 165 161 171 

Surface area (105 nm²)      4.35 3.09 4.63 2.99 

Volume (104 nm²)                  6.71 8.69 10.5 8.54 

Inclination θ (deg)        7.24 9.35 6.19 8.95 

Scan line discrepancy     0.12 0.1 0.11 0.09 

Film thickness (µm) 12.3 16.33 14.91 14.23 

B. FTIR analysis of samples H0 – H3 

The FTIR spectra of the samples are shown in Fig.3. From the 

results obtained, it can be seen that the FTIR revealed more than 

five peaks, informing that the analyzed is not a simple chemical 

(Coates, 2000). Wave numbers deduced from the FTIR 

spectrum of the samples as well as the assignment of vibration 

type and functional groups are presented in Tables 2 and 3 

respectively. There were C-C bond, hydrogen bond and the 
material exhibits an aromatic structure as seen in this result. The 

material depicted no triple bond region (2000-2500 cm-1), 

informing no C≡C bond in the material. The huge and sharp 

peak detected at about 1700 cm-1. This informs some carbonyl 

double bond. Table 2 depicted that H0 - H3 samples consists of 

O-H stretch phenolic alcohol at 3350 cm-1. There is C=O 

stretching of saturated aliphatic aldehyde at 1717 cm-1. There 

are O-H stretching of carboxylic acids at 2916 cm-1. Inclusive 

is the C-H rock alkanes at 1241 cm-1 and C-H loop of aromatic 

at 843 cm-1.  In addition, C-H wag alkyl halides and C-N 

stretching of aliphatic amines similarly occurred at the range of 
1029 cm-1 – 1100 cm-1, respectively.  

Table 2. Wave numbers deduced from the FTIR spectrum of H0 – H3 
samples and assignment functional groups 

Wave No Assigned functional group 

843 aromatic  

1029 stretch, aliphatic amines 

1100 wag, alkyl halide 

1241 rock, alkanes  

1717 stretch, aldehyde, saturated 

2916 stretch, carboxylic acid 

3350 stretch, alcohol, phenol 

 

 

Fig. 3.  FTIR spectra of the samples H0 – H3 

IV. CONCLUSION 

Polymeric composite films of PVA/PG/MC mixed with zinc 

and graphite nanoparticles were prepared by a low cost-

effective sol-gel technique. The effect of the varying zinc and 
graphite ratio in the hybrid polymer on the morphology and, 

composition of the polymeric structure particles were 

investigated and discussed through SEM and FTIR analysis. 

SEM studies show the varying formation of randomly and 

closely packed grain particles with distinctive arrangement and 

morphology of the particle can be controlled by varying the 

nanoparticles.  Microstructure parameters area and volume 

averaged crystal size, mean roughness were achieved using 

Gwyddion. The results show that the as-deposited films 

exhibited considerable sterile capability particularly after 

adding the Zn:C of equal weight ration treated in the hybrid 
polymeric structure, hence presenting it as a multipurpose 

material. 
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